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ABSTRACT
ThetrafficjambecomesthebiggestprobleminurbanareaespeciallyinJakartaasthecapitalcityofIndonesia.Thisisdue
toinadequatefacilitiesofpublictransportationso,peoplepreferstousetheprivatevehicles.Thegovernmenthasgiventhe
solutiontoenhancethatbutit is still notefTectiveandit madethesituationof trafficjambecameworst.Thispaper
proposedtheAutomatedBusSystem(ABS)toimprovetheexistingsystemandenhancethetrafficjamproblem.Thisbus
systemhastheabilitytorideonhisownwithoutrelyingonanyhumandriver.Itcanrecognizeanyobstaclesandavoidany
collisionusingstereovisiontechnology.RFID technologyis usedto improvetheaccuracy.Still,thiswholesystemis
monitoredbyhumanoperators.Ifthereisanyfailurebeyondtheabilityofsystem,thehumanoperatorscouldrecognizethe
problem.
Keywords:Automatedbussystem,HCI, smartsystem,stereovision,ubiquitouscomputing
INTRODUCTION
In lastfewyears,thetrafficjamhasbecomethemajorproblemof Jakarta.It is likeacancerthatunderminesthebodyof
Jakarta.Thisisbecausebytheincreasingnumberofvehicleswhicharenotbalancedbyaccretionroad.Thecrucialfactor
causingthatsituationis theinadequatefacilitiesofpublictransportation.Peopleprefertouseprivatevehiclesratherthan
publictransportation.Thiscanbeprovedthatin20I0,Jakartaproduces240unitsofcarsand890unitsofnewmotorcycles
everyday[I].
To overcomethistrafficjam,Governorof JakartaproposedasolutiontosolvethisproblemwithMacroTransportation
Patterninitiated,suchastheTransjakarta.TransjakartaadoptstheBusRapidTransit(BRT)system.BRT isarapidtransit
modethatisflexibleandhashighperformancewithcombiningelementsofphysical,implementation,a dsystemsintoan
integratedsystemthathasaqualifiedimageanduniqueidentity.
Afterseveralyears,theperformanceofTransjakartahasnotfulfilledthepeople xpectation.It isbecausetheservicesand
facilitiesof TransjakartaarenotsatisfYingthecommuters.Fromthesurveyof 3000commuterdoneby theYayasan
LembagaKonsumenIndonesia(YLKI)' s,itshowsthatmorethan41%correspondentscomplainedabouthetraveltimeof
Transjakartaandtheothercomplainedaboutlongtimetowaitatthebusstop,stilloftenstuckintraffic,safety,andthelack
of comfort[2]. Thisseveralproblemsmightbesolvedbyautomatingtheexistingsystem.Thebenefitsaretosavetime,
manpowerandtoimprovetheservicequality.
ThispaperproposespreliminarysystemaboutABS, thatisthesystemofautomatedandintegratedTransjakartawillbe,
butitjustconstraintin theperformancesystem.Howitworksisdiscussedindetailonmethodologysection.Theproblem
ariseswhentheroadof Tranjakartais unclear,it meansthatthereareothervehiclesusethebusway(thegovernment
providesthespecialwayforTransjakartaandothervehiclescan'tenterthewaybut,it isoftenviolated).
RELATED WORKS
Manybigcitiesfacethesameproblemswhenit comestotheuseofprivatevehicles.Peopletendtouseprivatevehicles
ratherthanpublictransportations.Problemsincluderoadcongestion,energyexpenditure,noiseandpollution,allofwhich
degradethequalityof urbanlife.MichelParenta ndGeorgesGallaisdevelopinga projectcalledCTS (Cybernetic
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TransportationSystem)[3].It is a newoptionof IntelligenceTransportSystemsbasedon roadvehiclewith fully
automatedcapabilities.Thissystemimplementshecar-sharingconceptwhichhasbeenimproved.Thecybercarsvehicles
aremadetomoveby themselvesin ordertorespondthedemandof thecommuter.Cybercarsmoveona smalltrack
(approx.thesizeof2 wheels).
Therearemanymethodsthatcanbeusedin ABS, a non-liniercontrolawfor anautomobiletoautonomouslytrack
trajectoryforoff-roaddrivingproposedbyGabrieletal. [4].Thisworkstreatsautomobiletrajectorytrackinginanew
manner,byconsideringtheorientationof thetrontwheels-notthevehicle'sbody-withrespecttothedesiredtrajectory,
enablingcollocatedcontrolof thesystem.Thissystemprovidedin real-time,onrapidlyvarying,off-roadterrain.Global
asymptoticstabilitywasprovenforthecontrolaw,usingkinematicsequationsofmotion.
Tullioeta1.[5]proposedacasestudyinembeddedsystemdesign:anEngineControlUnit(ECU)becauseit isimportantto
addressanumberofrelevantdesignproblemsandsolvethemtodemonstratethepowerof thenewapproaches,tovalidate
thedesignmethodologyanindustrialexampleinautomotiveelectronicwaschosen.Thisofferedtheadvantagesintermsof
performanceanddesigntime.Moreover,aproductshouldbeflexibletoadaptochangesduringitslifetime,whichisbest
obtainedbyusingsoftware,andmustalsomeetighttimingconstraints,whichismostsuitableforhardwarecomponents
AnABS needstobeequippedbyvariousensorstomaintaintheperformance.KaiGoebel& AliceM. Agoginoproposed
a methodfor validationandfusionof redundantsensorinformationwhichcomingtromseveralsensorsinformation
(severalsensorsemployingdifferentphysicalprinciples)[6].Thismethodwill helpcontrollinganautomatedvehicleto
validateachofsensorsvalue.
Manypapersproposedaboutheautomatedvehicles,whichwereimplementedinthetrainandforautomatedtransmission
cars.In thispaper,thesystemof automatedis usedforbusto improvetheexistingsystem.Thispaperproposesnew
methods,namelytheuseoftheElectronicControlUnits(ECU),ControllerAreaNetwork(CAN)usedforcommunicating
ofECU, imageprocessingisneededfortrackingbusway,andRFID fortheproblemofstopaccuracy.
METHODOLOGY
To createthegoodperformanceof ABS, thispaperconcernswith3 things,first is howthesystemof ABS canbe
implementedinTransjakarta,secondishowtheABS cantrackingthebusway,andthelastisthedetailperformanceof
sensors.EachABS isequippedwithsensorstorecognizetheobstacle,theroadmap,andtheconditionwhenthebusstopin
theshelter(stationstoppointtolowerandcarrycommuter)androadbackagain.
AUTO BUS SYSTEM.
ABS asanautomaticvehiclemustconcernwithseveralthingsin performancesuchassafety,ridingcomfort,stop
accuracy,on-timearrival,etc.To realizethatthesystemoperationmustcapabletosimilarwithhumanoperator,fuzzy
controlis usetohandletheseproblems.Fuzzycontrolisusedtorealizeaskilledhumanoperator'scontrolbyevaluating
safety,ridingcomfort,traceabilityof targetvelocity,energysaving,runningtime,andtheaccuracyofastopgap[7].
ABSelectronicsystemwillbeembeddedwithECU,typicallythebiggestprocessoristheEngineControlModule(ECM),
andCAN.ECU isagenerictermforanyembeddedsystemtocontrolsoneormoreof theelectricalsystemorsubsystemin
amotorcycle[8].TherearemanytypesofECU andinABS someof thetypeswillbeused,suchasECM, SpeedControl
Unit(SCU),andTransmissionControlUnit(TCU).Thewholesystemmuststillbemonitoredbyhumanbeingsasshown
infigure1.
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Fig. I AutomatedBusSystemMechanism
SCUisasystemthatautomaticallycontrolsthespeed.Inthiscase,fuzzycontrolsystemustevaluatehetargetvelocity
first,afterthattheSCUtakesitsspeedsignalfromarotatingdriveshaft,speedometercable,wheelspeedsensorfromthe
engine'sRPM orfrominternalspeedpulsesproducedelectronicallyb thevehicle.Thevehiclewillmaintainthespeedby
pullingthethrottlecablewithasolenoid,avacuumdrivenservomechanismorbyusingtheelectronicsystemsbuiltinto
thevehicle(fullyelectronic)if it usesa 'drive-by-wire'system.Whenthebusmustfaceobstacles,thesystemmustbe
capabletohandleit.In suchcondition,thebusmuststopattheshelter,priortothat,itmustdecreasethespeed,that'sall
will discusslaterin thenextsubsectionbecauseitwill dependonsensorstosolvetheobstacleproblem.
ECM isatypeofelectroniccontrolunithatdeterminestheamountoffuel,ignitiontimingandotherparametersanintemal
combustionengineneedstokeeprunning.Thesesystemsuseamicroprocessorwhichcanprocesstheinputsfromthe
enginesensorsin realtime.An electronicontrolunitcontainsthehardwareandsoftware(firmware).Thehardware
consistsof electronicomponentson a printedcircuitboard(PCB).Themaincomponenton thiscircuitboardis a
microcontrollerchip(CPU).Thesoftwareisstoredinthemicrocontrollero otherchipsonthePCB,typicallyinEPROMs
orflashmemorysotheCPUcanbere-programmedbyuploadingupdatedcodeorreplacingchips.Thisisalsoreferredto
asan(electronic)EngineManagementSystem(EMS).
TCU generallyusessensorsfromthevehicleaswell as dataprovidedby theECM to calculatehowandwhento
changegearsin thevehiclefor optimumperformance,fueleconomyandshiftquality.Inputparametersfor TCU are
currentspeedofthevehicle,wheelspeedtodeterminewhetherthevehicleisgoingdownhilloruphillandalsoadaptgear
changesaccordingto roadspeed,throttlepositiontodeterminetheoptimumtimeandcharacteristicsforagearchange
accordingtoloadontheengine,andinputsfromothercontrollers.Theoutputparametersa eshiftlock,outputtoECM,
outputstoothercontrollers.
To avoidanycollisionandobstacles,thestereovisiontechnologyisused.Thistechnologyallowsthebustoanyofthings
impedethetrack.ThispaperwillnotdiscussindetailthesensorsusinginTCU,justthesensorsthatusedin SCU.For
trackingroadmapwill bediscussedindetailinthenextsubsection.
CAN isamulti-masterb oadcasterialbusstandardforconnectingECU.Eachnodeisabletosendandreceivemessages
butnotsimultaneously.A messageconsistsprimarilyof anid,whichrepresentsthepriorityof themessage,anduptoeight
databytes.It is transmittedseriallyonto the bus. The devicesthat are connectedby a CAN networkare
typicallysensors,actuators,andothercontroldevices.Thesedevicesarenotconnectedirectlyto thebusbutthrough
ahostprocessorandaCAN controller.Eachnoderequires:
Hostprocessordecidingwhatreceivedmessagesmeanandwhichmessagewantstotransmitself.
CAN controller(hardwarewithasynchronousclock)
Transceiver(possiblyintegratedintotheCAN controller).
ROAD MAPPING.
Transjakartahasitsownpathtrackonpublicroad,calledbusway.Thispathisseparatedfromthemainroad.Otherpublic
transportationlikeprivatevehicle,publicbuses,"angkot",etc.Theyhavetousethemainroadandshouldnotusethe
buswaytrack.Thiswill helptheroadmappingprocedure.
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Fig.2TransjakartaMap[9]
The colorlineshowsthecorridor(theTransjakartaroute)andthedotsaretheshelter.Eachof TransjakartaBus is assigned
to servedifferentcorridors.Eachbusshouldstopateachshelterlistedonthecorridorroute.
As shownin figure2,thereare15corridorsontheexistingsystemofTransjakartabut,for now,only 10corridorsoperated.
The governmentstill buildsfiveothercorridors.
INFRASTRUCTURE TECHNOLOGY.
Thetraditionaltransportationsystemusuallyrequiresamassiveinfrastructurethatcostlotsofmoney.Theinfrastructure
thatABS requiresisalreadyinplace.Theonlythingthatmattersnowisthetechnology.Ontheotherhand,thedriverole
wasreplacedbytheuseofsensorsandsystemcommunicationasindiscussonthepreviousection.Theconsolidationof
this2mechanismwill overcometheABS (AutomatedBusSystem).Thepowerfulnessof thisnewsystemisrelyingon
these3tasks:managementof theresources,remotecontrolof thevehicle,andthecommunicationfeachsub-system.
Thereare3 kindsof conditionswhenanABS is operated:tracingtheroute,crossingtrafficlight,andapproachingthe
shelter.Eachof thesestagesdependsonthesensoreadings.
TheABS willbeequippedbyvariousensors.Thesesensorswillprovidetheinformationtokeepthefleetonthetrack.By
trackingtheexistingbuswaytrack,theautomatedbuswill ableto'know'theroutes.Thispaperproposedtheuselaserand
color-recognitionsensorsforthetrackdetection.Theuseofcolor-recognitionsensoristoacknowledgethesystemwhen
thebusiscrossingtheroad(passingatrafficlight).Accordingtothebuswaypathpattern,thecolor-recognitionsensors
will beplacedonthebottompartof thebus.TheuseofDGPSmightimprovetheeffectivenessandtheaccuracyof this
systembut,thetechnologyisstillin researchstage[3].
'iio!i!-
::L .. I'
r--
Aiiiii --
Fig.3RFID Placement
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Thesmart-shelteris abletorecognizewhetherthereis abusapproachingornot.Oncetheshelterdetectedthebus,the
shelterautomaticallysendsinterrupttotheTransjakartafleetusingRFID.TheRFID will notify3differentinstructionsto
thebus.ThefirstRFID will tellthebusthatheshelterisapprox.5-10metersaway.ThesecondRFID will tellthathebus
isapproachingtheshelterareaandneedtolowerthespeedandhitthebreak.ThelastRFID tellsthebusisalreadyarrived
attheshelterprecisely(asshownonfigure3).Toavoidmiss-calculating,theshelterwillbeequippedbysensorintheITont
andtherearside.Thissensorwill synchronizevalueswiththedeviceimplantedonthebus.Thismethodwillpreventthe
busforstoppingoutof theshelterarea.
Oncethebusisapproachingashelter,thespeedisautomaticallyslowdown.Dependingonthewaysystemswillbedesign,
whetherthespeedrulesaremoreorlesscomplicated.Onasimplesystem,theserulesaresetatthebeginning(initialize)by
formercalculationandresearch.However,thesystemwill bemorecomplexwhenit facestheoperationalproblems.The
systemshouldbeabletorecalculatehespeeduetoanyunexpectedconditionsuchasthedamageoftheshelterdevicesor
systemfailure.Oncethebusis fmishedloadingthecommuters,thebuswill automaticallyswitchintodispatchingmode
andheadingtothenextdestinationshelter.
Themanagementofresourceplaysverycrucialroleofthissystem.Themanagementofresourcehastoknowtherealtime
availabilityandthestatesofeachresourcethathesystemhas:vehicles,tracks,remaingas,andsoon.Themanagementof
resourcesneedtobepreparedwithvariousproblemsthatmightoccurandcapabletoprovideaneffectivesolutioninshort
periodof time.To copewiththeoperationalproblems,themanagementof resourcehastohaveplentyscenariosandits
solutions.Forexampletopreventthebusfromdeviating,themanagementsystemuseGPStechnologytotrackingeachof
operatedbuses.
SUMMARY
ThebeneficialofthisAutomatedBusSystem(ABS)istoincreasetheperformanceofTransjakartasystemsuchason-time
arrival,safety,ridingcomfort,etc.TheperformanceimprovementofTransjakartasystemisexpectedtochangetheuseof
privatevehiclesintotheTransjakarta.Soitwill bereducedthetrafficjaminJakarta.Fornowin Indonesia,thissystemis
stillaconcept.Oncethegovernmentimplementshisconcept,itwill beshownwhichpartof thesystemthatneedstobe
improved.
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